Effects of probiotics and antibiotics on biofilms by Pradeep, B. et al.
Journal of the Indian Fisheries Association 
	 19 
30, 2003, 19-22 
EFFECTS OF PROBIOTICS AND ANTIBIOTICS ON BIOFILMS 
B. Pradeep, P. K. Pandey* and S. Ayyappan 
Central Institute of Fisheries Education, Fisheries University Road, Versova, 
Mumbai — 400 061 
ABSTRACT 
Experiments were conducted to study the effects of probiotics and 
antibiotics on 3-months old biofilms formed on three different substrates, 
namely glass, granite and fibreglass reinforced plastic. The variations in 
heterotrophic bacterial populations associated with biofilms were monitored 
for a period of one month after one-time application of the probiotic Biogreen 
(Gee Key Marine Pvt. Ltd, Chennai) at 0.2 mg P and the antibiotic tetracycline 
at 1.0 mg P. The variations in heterotrophic bacterial populations associated 
with biofilms were compared with that of control to analyse the effects of 
probiotics and antibiotics on biofilms. The observations showed that the 
biofilm formation and succession in aquatic environment is substrate 
dependent and that the resistance to antibiotics also depends on the substrate. 
The probiotics did not show significant effect on biofilms. 
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INTRODUCTION 
Microorganisms colonise on all 
substrates in natural environments, but 
the rate of adsorption depends on the 
prop6rties of substrate (Characklis, 1990; 
Balareddy, 2001). The intensity of microbial 
colonization on substratum appears to 
increase with the increasing roughness of 
the substratum (Geesey and Costerton, 
1979; Bakke et al., 1984; Characldis, 1984). 
This is because of the greater surface area 
available for microbial adsorption and 
reduced desorption due to the lower shear 
force experienced by cells shielded from the 
main flow (Characklis, 1984). Weise and 
Rheinheimer (1978), Geesey and Costerton 
(1979), and Beeftink and Staugaard (1986) 
suggested that attached microorganisms  
are mostly concentrated on crevices rather 
than on smooth surfaces. Bakke et al. (1984) 
reported that bacteria did not selectively 
colonise cavities and grooves despite the 
fact that roughening the substratum 
surface greatly increased the rate of 
bacterial colonisation. Although initial 
colonisation may be in the crevices and 
grooves, subsequent spreading of the 
colonies due to growth may occur over the 
entire surface. Another important 
characteristic feature of the substrate 
surface is the wettability, i.e., hydrophilic 
or hydrophobic nature of the subStratum 
(Wardell, 1988). According to Fletcher and 
Loeb (1979) many bacteria tend to attach 
in large numbers to hydrophobic (Teflon, 
polyethylene) than hydrophilic (glass, mica,. 
oxidised plastics) surfaces. 
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Biofilms are found to be more resistant 
than free-living planktonic cells of the same 
species to exogenous deleterious agents such 
as antibiotics, detergents and biocides 
(Costerton et al., 1987), and phagocytosis 
due to the protective glycocalyx layer (Anwar 
et al., 1992). This glycocalyx layer 
surrounding the bacterial cells appears to 
comprise an ion exchange barrier between 
charged antibiotic molecules and their 
cellular target (Costerton et al., 1987), and 
it may react with anti-microbial agents 
and neutralise the effect (Brown et al., 
1995). According to Karunasagar et al. 
(1996), the resistant nature of biofilms to 
anti-microbials is dependent on the nature 
of the substratum. 
According to Verschuere et al. (2000), 
the mode of action of probiotics is by the 
production of inhibitory compounds, 
competition for chemical or available 
energy, competition for adhesion sites, 
enhancement of immune response, 
improvement of water quality, interaction 
with phytoplankton, source of macro- and 
micronutrients, and enzymatic contribution 
to digestion. There has been increased use 
of antibiotics and probiotics in water quality 
management and health management in 
farms and hatcheries in modern-day 
aquaculture ventures. There are reports 
suggesting biofilms of pathogenic bacteria, 
which are resistant to antibiotics and 
sanitisers, causing large-scale mortalities 
in hatcheries (Karunasagar et al., 1996). 
With this backdrop, the present experiment 
was carried out to find the resistance of 
bacterial biofilms formed on three 
substrates, fibreglass reinforced plastic 
(FRP), glass and granite, to antibiotics and 
to find how far probiotic bacteria are  
effective in establishing in biofilms formed 
on these substrates. 
MATERIAL AND METHODS 
Six aquaria filled up with 401 of water 
were used for keeping the different substrata 
such as glass slide, granite and pieces of 
FRP sheet for developing natural biofilms 
for a period of three months. An area of 2 
cm2 was marked on these substrates using 
Eraz-ex [Kores (India) Ltd, Mumbai] 
correction fluid. These substrates were 
later on used for treatment of probiotics 
and antibiotics. 
A commercial probiotic, Biogreen (Gee 
Key Marine Pvt. Ltd, Chennai) and an 
antibiotic, tetracycline (Omega Biotech Ltd, 
Ghaziabad) capsule (I.P. 250 mg) were 
applied in triplicate only once at 0.2 and 
1.0 mg 1-1 , respectively, into the aquaria 
having 40 1 of water, and their effect on 
biofilms was assessed for a period of one 
month. Aerobic heterotrophic bacterial 
populations associated with the biofilms 
were assessed on the 1st, 7th , and 30th days 
after application of the probiotic and 
antibiotic and were compared with controls, 
which were not treated with the probiotic 
and antibiotic. Standard plate count method 
was used for the assessment of bacterial 
population associated with biofilms. The 
results were subjected to statistical 
analysis. 
RESULTS 
The mean variations recorded in aerobic 
heterotrophic bacterial populations on 
granite, glass and FRP during the study 
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are given in Table 1. Maximum bacterial 
colonisation was found to be associated with 
FRP (540.0 x 103 cfu cm -2) followed by 
granite (54.5 x 10 3 cfu cm-2) and glass (8.8 
x 103 cfu cm-2). In the case of granite, 
significant difference was observed in 
aerobic heterotrophic bacterial populations 
with the application of the antibiotic in 
comparison with the control (Fl, 4 = 44.136, 
P < 0.05). No significant difference was 
observed in bacterial populations with the 
application of the antibiotic on biofilms 
formed on FRP and glass (F1, 4 = 6.889, P 
> 0.05; Fl, 4 = 1.617, P > 0.05), although 
slight reduction in the number of colonies 
was observed. There was not much increase 
in the number of colonies on any of the 
substrates with the application of the 
probiotic as no significant difference (stone 
Fl, 4 = 5.76, P > 0.05; FRP Fl, 4 = 5.909, 
P > 0.05; glass Fl, 4 = 0.219, P > 0.05) was 
observed. 
DISCUSSION 
The heterotrophic bacterial populations 
associated with the biofilms on the three 
different substrates were observed to vary 
after a period of three months, suggesting 
that the biofilm formation is dependent on  
the substrate (Characklis, 1990; Balareddy, 
2001). The bacterial population on FRP 
was more than that on granite and glass. 
Although FRP sheets were much smoother 
than stone, the colonisation was more on 
FRP, which is in contrast with the 
observations of Geesey and Costerton (1979), 
Bakke et al. (1984) and Characklis (1984). 
There was no significant difference in the 
bacterial population of biofilms formed on 
glass and FRP, although a significant 
difference was observed in the case of 
biofilms formed on stone, which suggests 
that biofilms are resistant to antibiotics 
and their resistance depends on the nature 
of substrate on which they develop 
(Karunasagar et al., 1996). There was not 
much effect of the probiotic on biofilm at 
the specified dose, which suggests that it is 
difficult for the probiotic bacteria to 
establish themselves on the substratum, 
which has already been colonised by other 
bacteria. Thus, probiotics need to be applied 
at regular intervals or at a higher dosage 
for its establishment. 
Biofilm formation, progression and 
resistance to antimicrobials are dependent 
on the type of substrate on which they have 
developed. Biofilms are generally resistant 
to antibiotics and probiotics. 
Table 1: Variations in aerobic heterotrophic bacterial populations (cfu x 10 3 
cm-2) on 3-mo old biofilm 
Control Antibiotic 	 Probiotic 
Sampling day 
Substrate 1 7 30 1 7 30 1 7 30 
Stone 54.5 84.0 70.5 9.5 9.3 15.5 35.5 57.4 29.6 
Glass 8.80 21.0 66.6 4.9 9.3 14.3 0.7 56.5 3.7 
FRP 540.0 116.0 625.0 1.0 5.5 32.5 3.4 79.0 39.5 
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